
The Delta Smelt Working Group and the Delta Smelt Risk Assessment Matrix

The delta smelt risk assessment matrix (DSRAM) consists of month by month criteria which,
when exceeded will trigger a meeting of the Delta Smelt Working Group (Working Group). The
Working Group consists of experts in delta smelt biology from the U.S. Fish and Wildlife
Service (Service), U.S. Bureau of Reclamation (Reclamation), U.S. Environmental Protection
Agency (EPA), and California Departments of Water.Resources (DWR) and Fish and Game
(DFG). The purpose of the DSRAM is to take actions to protect delta smelt in a proactive
manner prior to salvage events at the Federal and State Delta export facilities. Reclamation
and/or DWR are responsible for monitoring the DSRAM criteria and reporting back to the
Service and the Working Group. The DSRAM has been modified from the delta smelt decision
tree, which was peer-reviewed and presented in the Interagency Ecological Program (IEP)
Newsletter. It is the intent of the Service that the DSRAM be sent out for independent peer
review. The DSRAM is an adaptive management tool which may be further modified by the
Working Group and the interagency Water Management Operations Team (WOMT) as new
information becomes available, without undergoing formal reconsultation. An informative link
to an existing website will be developed that compiles monitoring data from IEP and DFG to
enable members of the Working Group to easily track the progress of the triggering criteria.
Data will be updated at least weekly to determine the need for a meeting.

Should a triggering criterion be met or exceeded, Reclamation and/or DWR will inform the
members of the Working Group and the Working Group will determine the need to meet Any
member of the Working Group may initiate a meeting of the Working Group at any time. A
meeting of the Working Group may consist of an in-person meeting, a conference call, or a
discussion by email. If needed, the Working Group will meet prior to the weekly meetings of the
DAT and the WOMT and information will be shared with these groups. The Working Group
will be available to present management briefings as needed.

If a meeting of the Working Group proves necessary, the group will review the available
monitoring and survey data and decide whether to recommend a change in water project
operations (referred to as "fish actions"). These potential fish actions are listed in the DSRAM
by the months wherein each of these tools generally becomes available. Generally, if the
Working Group recommends a fish action, it will be shared with the Data Assessment Team
(DA T) during its weekly conference call and forwarded to the WOMT for discussion and
potential implementation; however, the Working Group may make recommendations to WOMT
at any time. Recommendations will include a discussion of the level of concern for delta smelt
and will include a list of the participants in the Working Group discussions. All dissenting
opinions and/or discussion points will also be forwarded to the WOMT. The Working Group
will meet at least weekly throughout the period in which the triggering criteria are met or
exceeded, to determine the need to provide further recommendations to the WOMT.

Notes and findings of Working Group meetings will be submitted to the Service and members of
the WOMT for their records. Meeting notes will also be available to the public on the
Sacramento Fish and Wildlife Office's web page. The WOMT will respond to the Working
Group's recommendations and the actions taken by the WOMT will be summarized by
Reclamation and/or DWR annually and submitted to all WOMT agencies.
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If an action is taken, the Working Group will follow up on the action to attempt to ascertain its
effectiveness. An assessment of effectiveness will be attached to the notes from the Working
Group's discussion concerning the action.



!-]cn'3~ i!4 
u

:g~
<

~

I] 
~

~
]

~
.~

'Q; 
~

ur=
~

 
~

;
j.2 ~]~¥J
"3~ rn

'3~ IrJ

I~tif/):c2
I~

~~:8~] I~I~:8~,] ~~:8~] ~,]~]~ ~]~]~=
 -

~
 -

~
 

'-I
~

fIJ"i ~I
~

~
]

i ~
 ii

.~
 

~
 

01
~

-Q
y

ct":i 
~

'

~0:8xu]~ ~,~..8~ .qo
t--

~
 

~
-8..2
..s~

~
 

/\1

51~
.g-cn

§oil
Q

61~

11] 
~

~
~

:3f1)-U
fl)fI)~

~
~

§,8:-~
-

>
<

"c3]..81

U
J

, 
'Q

 
~

 
Q

.

i~
 

5 -8 ; 5
,to '5 .~

 ~
 -; u

-S
oo~

o
~

--U
lt")

: 
U

J-8V
~

N

I
.8: 

5 
~

.:g 
~

>
<

 e 
e 

j' 
i 

:8

18:] 
~

 ~

§'a] 
t~

Q
'+

o3 
~

R
 8:] 

=
 ~

~
:.a~

f/j~
=

u;e-o
>

<
~

:3'§]

~"i~<
os

~
-~
~

{/J
{/J
u-~5-

i~0\>
-

r.-)-O

~,0~-6rn>
.-

.g~
o~V'\

00
~

.§ 5
i 

:8~
~

'O
 

~
~

]
h,gcn; 

S
,o-

<
oa.""

~
M

 
oo'O

~
-

bO
O

 
- 

~
G

)~
"It

=
=

h 
M

e=
Jj-

",8'~
 

~
 

S
 

H
 

.~
 

.~
 ~

 ~

:~
jlIj~

 j:g~
i

---

~0u~
oo~

~
~

.~
 ~

I

~
.g~

b(
6:;<

ft'~

bO

.~~
~

I
-'3~
~

.a

co~

I'~'~
~~
 

/\1

-3~
~

~

u(,)

§~
~

5..2§
N

5.c
u 

tU
>

~
u

..=
'- 

-

~
,g 

.5
u 

5 
>

z 
(,).e,

u
~

:=
u

~
 

~
 

5 ~
"'=

 §"g 
~

-o

Z~
c5 5 "~

~
M

U
_- u

6:=
u

u 
=

 
0

>
 

:g~
S

.,c
~

p 
::s.:o

~
 

~
'-' 

§
~

N
g~

~

jc.§
ti'l"l

100 ~

£;~~UU
Ir\

~
~

~
 

u
.~

 
-

g .~c 
~

 
u

u 
~

 
=

 
C

.)
. ~

jC
.) 

';:'.§

~
 

0
§

C
O

 
-

u 
1-0.0

Z
N

O
te~G

)
-0S

~
~-\I")-§O

'=

.s°,sf/}

'0...

]

5
I/') 

"0
=

U
: 

.-
u 

0 
u

ou~
:-=

u
s.~

 
u 

5
~C

)
8

~
 

C
o) >

-

C
O

j
=

' 
~

 
u

§
u 

c: 
~

~
S

N
,.g~

11)

'i 
~

i 
~

:=
~

6°'=
~

~-,
- 

- 
=

'1

.g e ~
 ~

I
<

~
..!!.u

I
§

~
 ',c

u 
=

88°--;
Q

 
Q

""'-
'34)
-0 

~
<

- ~..gfI}
.~t~

~G
'

-~'C~~~"';r~ i.£ 
5

p 
.~

+
"U

"3
"3gu
'C

oo;
<

 
t~

 P

i~
 8

5
"=

+
-' 

~

,- 
"3

1-6 
~

 
u

0-uB

II 01a~ ~-=..,i,QIr: ~C
J

..~~ i<~=~u..~~i-
i~

 
t:.

...G
J

1G
J

~Q t'.==.~

rIJ
u

~
 

',=

§~
.- 

~
"0 

~
,

=
0:5

],g~
 

6

8.8
~

 
0 >
<

>
(i

>
<

~ >
(~
I

>
<~

-! 
!

.0 
:

c 
rni

.~
 

5:
~

.~
!

i 
i

cJ 0 >
<

1

>
<

>
(

~'=
i 

ti

~
'>

I
.S

 
~

I

~
'§I

j 
8!

u 
'

~
!

>
<

>
<

~>
<

<
+

-- 
II)

o~5 
~

',c 
_I

.~
 

U

s.j
~

t)
~

~
! 

0:~

>
<

>
<



4

Delta Smelt Risk Assessment Matrix Footnotes (note: the references for the DSRAM are
also included in the literature cited section of the biological opinion)

The Recovery index is calculated from a subset of the September and October
Fall Midwater Trawl sampling <h!1l?:://www.delta.dfg.ca.gov/). The number in the
matrix, 74, is the median value for the 1980-2002 Recovery Index (Figure DS 1)

1

The temperature range of 12 to 18 degrees Celsius is the range in which most
successful delta smelt spawning occurs. This has been analyzed by using
observed cohorts entering the 20-mm Survey length frequency graphs (1996-
2002). Cohorts were defmed by having a noticeable peak or signal and occurring
over three or more surveys during the rearing season. Back calculations were
made using the first survey of that cohort with fish less than 15 mm fork length.
Temperature data from IEP's HEC-DSS Time Series Data web site was compiled
using three stations representing the south Delta (Mossdale), confluence
(Antioch), and north Delta (Rio Vista) and averaged together. Spawning dates for
each cohort were back-calculated by applying an average daily growth rate (wild
fish) of 0.45 mm/day (Bennett, DFG peTs. comm.) and egg incubation period of8-
14 days (Baskerville-Bridges, Lindberg peTs. comm.)(Mager et al. 2004) from the
median value of the analyzed cohort. Each spawning event was then plotted
against temperature over time (Figure DS2.1). While spawning does occur
outside of the 12-18 degree range, larval survival is most likely reduced when
temperatures are either below (DFG peTs. comm.) or above this range
(Baskerville-Bridges & DFG peTs. comm.).

Critical thermal maxima for delta smelt was reached at 25.4 degrees Celsius in the
laboratory (Swanson et al., 2000); and at temperatures above 25.6 degrees Celsius
smelt are no longer found in the delta (DFG, peTs. comm.).

Websites for the temperature data: http://iep.water.ca.gov/cgi-
bin/dss/dss 1.pl?station=RSANOO7

http://iep.water.ca.gov/cgi-bin/dss/dssl.pl?station=RSANO87
http://iep.water.ca.gov/cgi-bin/dss/dssl.pl?station=RSACl 0 1

Mager RC, Doroshov SI, Van Eenennaam JP, and Brown RL. 2004. Early Life
Stages of Delta Smelt. American Fisheries Society Symposium 39:169-180.

Swanson C, Reid T, Young PS, and Cech JJ. 2000. Comparative environmental
tolerances of threatened delta smelt (Hypomesus transpacificus) and introduced
Wakasagi (H nipponensis) in an altered California estuary. Oecologia 123:384-
390.

Figure DS3: The working hypothesis for delta smelt is that spawning only occurs
when temperatures are suitable during the winter and spring. In years with few
days having suitable spawning temperatures, the spawning "window" is limited,
so the species produces fewer cohorts of young smelt. When there are fewer

3
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cohorts the risk that mortality sources such as entrainment may substantially
reduce population size increases. The figures below were used to help define
years when there were relatively few days with suitable temperatures. For April
15 and May I, the figures show the cumulative spawning days for each year
during 1984-2002. The cumulative spawning days for each year were calculated
based on the number of days that the mean water temperature for three Delta
stations (Antioch; Mossdale and Rio Vista) was in the 12 - 18 C range starting on
February 1. The results are plotted in terms of the ranks to identify the lower
quartile. In other words, years in the lower quartile represent examples of years
with relatively few spawning days.

The adult spawning stage is determined by the Spring Kodiak Trawl and/or fish
collected at the salvage facilities (http://www.delta.dfg.ca.gov/). A stage greater
than or equal to 4 indicates female delta smelt are ripe and ready to spawn or have

already spawned (Mager 1996).

4

Mager RC. 1996. Gametogenesis, Reproduction and Artificial Propogation of
Delta Smelt, Hypomesus transpacijicus. [Dissertation] Davis: University of
California, Davis. 115 pages. Published.

5 The spring kodiak trawl will be used to generally evaluate the distribution of adult
delta smelt. However, since the spring kodiak trawl is not intended to be a survey
for abundance or distribution, no definitive trigger for concern can be determined
at this time.
Juveniles (March-July) - distribution of juvenile delta smelt where the centroid is
located upstream (negative) or downstream (positive) of the Sacramento-San
Joaquin River confluence (Sacramento RKI 81; Figure DS5.1). The 20-mm
Survey centroid is calculated by multiplying the observed delta smelt station
CPUE (fish/l0,OOO m3) by a distance parameter in km from Sacramento RKI 81.
The summed result (summed over a survey) is divided by the survey CPUE which
gives the survey centroid position (Figure DS5.2).

Low juvenile abundance will also be a trigger. When juvenile abundance is low,
concern is high. Low abundance is indicated when the total cumulative catch in
the 20-mm Survey is less than or equal to the 1995-2003 median value of
cumulative 20-mm Survey catch for the same surveys (Table DS5).

Adult salvage trigger: the adult delta smelt salvage trigger period is December
through March and the trigger is calculated as the ratio of adult delta smelt
salvage to the fall MWT index. This ratio will increase as fish are salvaged
during the winter months. If the ratio exceeds the median ratio observed during
December-March 1980-2002, then the trigger has been met (see Figure DS6 for
more explanation of the calculation)

6

Juvenile salvage trigger: During May and June, if delta smelt salvage at the
SWP/CVP facilities is greater than zero, then the working group will meet. This
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is because May and June are the peak months of delta smelt salvage and salvage
densities cannot be predicted. Therefore, during these two months, the delta smelt
working group expects to meet regularly to look at relevant information such as
salvage, delta temperatures, delta hydrology and delta smelt distribution and
decide whether to recommend proactive measures to protect these fish.

., The tools for change are actions that the working group can recommend to the
WOMT to help protect delta smelt. Exports may be reduced at one or both of the
south delta export facilities and a proposed duration of the reduction would be
recommended by the working group. Export reductions and changes in San
Joaquin River flows may be covered by 8(2) or EW A assets. Details of past fish
actions can be found at the Calfed Ops website:
http://wwwoco.water.ca.gov/calfedooS/index.html; >Operations [year]

Figure DSI
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Figure D82.1. Successful delta smelt spawning periods (shaded blue area) and cohorts
(black bars) plotted against water temperature (1996-2002). Spawning periods and
cohorts were back calculated using 20-mm Survey catch data. Start of spawning season
uses an egg incubation period of 14 d and a growth rate of 0.45 mm/day and end of
spawning season 8 d with a growth rate of 0.45 mm/day. Black bars represent the range
of8-14 d egg incubation with a growth rate of 0.45 mm/day from laboratory results.
Temperature data ~C) was compiled from IEP's HEC-DSS Time Series Data using mean
daily temperatures from the confluence (Antioch), south Delta (Mossdale), north Delta
(Rio Vista) and averaged together.
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Figure DS5.1. A 20-mm Survey delta smelt bubble plot map with calculated centroid
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Figure DS5.2. Historic juvenile centroid position (20-mm Swvey) with one standard
deviation.

Table DS5. Median values of cumulative catch from the 20-mm Survey. When
cumulative catch per survey during a season is at or below the calculated value, concern

is high.

survey 8survey 6 survey 7survey 4 survey 5survey} survey 2 survey 3

Median
Value 924 1019346 50040 144 18812

Figure DS6

The objective is to quantify a level of concern for adult delta smelt during the winter that
is based upon the number of fish salvaged and the overall abundance of delta smelt. Our
trigger reflects that when abundance is low and salvage is high concern is high, and
conversely when abundance is high and salvage is low that concern is low.

Below is a Quantile plot of the ratio of winter salvage to the MWT recovery index
(In(winter salvage/recovery index». Winter salvage is defined as the total salvage from
December through March. In the figure below, the size of the bubbles is proportional to
the log of the fall midwater trawl to demonstrate that concern may be high in years of
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high or low fall abundance. The resulting quartiles of the ratio are as follows: 25% =:
2.950; 500/0= 3.575; 75% 5.029.
Using this approach to calculate winter concern levels, all years above the 1999 point in
the graph would have been years of concern. In other words, these are the years in which
we may have recommended some protection. Comparing it to the protection afforded
adult delta smelt in the winter by the 1995 Biological Opinion: "red light" was, or would
have been, reached in fewer winters (1980, 1981, 1982, 1984 and 1999) .

The median was selected as the measure of concern and will be calculated by:
concern level = anti In(3.575). Recovery index
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The goal for the DSRAM is to avoid the upper quartile of the above graph, which the
Working Group thinks will avoid salvage events that are high relative to fall abundance.
Actions may be taken prior to major salvage events.
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